METHODS A total of 180 treatments with MRgFUS for chronic therapy-resistant idiopathic PD, ET, CT, and NP were prospectively assessed for side-effects and targeting accuracy. Monitoring for later side-effects was continued for at least 3 months after the procedure in all but 1 case (0.6%); in that single case, the patient was lost to follow-up after an uneventful early postoperative course. The surgical targets were the pallidothalamic tract (pallidothalamic tractotomy, n = 105), the cerebellothalamic tract (cerebellothalamic tractotomy, n = 50), the central lateral nucleus (central lateral thalamotomy, n = 84), the centrum medianum (centrum medianum thalamotomy, n = 12), and the globus pallidus (pallidotomy, n = 2). Cognitive testing was performed before, 1-2 days after, and 1 year after the procedure. The Mini-Mental State Examination (MMSE) was used for the first 29 cases and was then replaced by the Montreal Cognitive Assessment (MoCA). Lesion reconstruction and measurement of targeting accuracy were done on 2-day posttreatment MR images for each performed target. To determine targeting accuracy measurement, 234 out of the 253 lesions depicted in the 2-day postoperative MR examination could be 3D-reconstructed. RESULTS The mean MoCA score was slightly improved 2 days postoperatively (p = 0.002) and remained stable at 1-year follow-up (p = 0.03). The mean MMSE score was also slightly improved 2 days postoperatively and at 1-year follow-up, but the improvement was not statistically significant (p = 0.06 and p = 0.2, respectively). The mean (± SD) accuracy was 0.32 ± 0.29 mm, 0.29 ± 0.28 mm, and 0.44 ± 0.39 mm for the mediolateral, anteroposterior, and dorsoventral dimensions, respectively. The mean 3D accuracy was 0.73 ± 0.39 mm. As to side-effects, 14 events over 180 treatments were documented. They were classified into procedure-related (n = 4, 2.2%), effect on neighboring structures (n = 3, 1.7%), and disease-related (n = 7, 3.9%). There was no bleeding. CONCLUSIONS The incisionless transcranial MRgFUS technology demonstrates a higher targeting accuracy and a lower side-effect profile than techniques requiring cerebral penetration. In the absence of penetration brain shift, this technique avoids the placement of a thermolesion away from the chosen target, thus suppressing the need for reversible therapeutic energy application. With the use of proper physiopathology-based targets, definitive therapeutic effects can be coupled with sparing of sensory, motor, and paralimbic/multimodal thalamocortical functions. Clinical efficacy, not analyzed in this investigation, will ultimately rest in proper target selection and optimized thermolesional coverage of the target.
T he first clinical study with incisionless transcranial MR-guided high-intensity focused ultrasound in the field of functional neurosurgery was published by Martin et al. in 2009 . Since publication of this first trial, around 200 treatments have been reported. As each reported series has small numbers, 8, 11, 12, 14, 19, 20, 24, 26, 28, 40, 41, 44 no procedure-related risk profile can be reliably inferred yet. To assess risks, one also needs an analysis of targeting accuracy, which is directly related to the risk of damage to neighboring structures.
We thus report side-effects and target accuracy in 180 treatments performed in our dedicated center between April 2011 and November 2016 for patients with Parkinson's disease, essential tremor, and cerebellar tremor, as well as neuropathic pain conditions, all chronic and therapy resistant.
Historically, the uncertainty due to brain shift during radiofrequency (RF) electrode insertion and consequent neurological deficits produced by misplaced thermolesions has been of great importance in the development of deep brain stimulation (DBS) techniques. Numerous reports have described clinical results of DBS in Parkinson's disease and essential tremor, accompanied by significant procedure-related risks, however. The main procedure-related side-effects of DBS are bleeding 45 and infection [2] [3] [4] 9, 13, 16, 17, 22, 36, 37, 43 as well as hardware-related complications with return to the operation room for electrode repositioning and various material-related malfunctions or replacements. A removal or revision rate of up to 34% was reported by Rolston et al., 39 and an 8.4% hardware-related complication rate per electrode-year was reported by Oh and collaborators. 35 The incisionless MR-guided high-intensity focused ultrasound technique has the potential to revolutionize the field of stereotactic functional neurosurgery as long as high targeting accuracy, a low side-effect profile, and sparing of neurological functions are provided. Symptom relief depends on targeting accuracy, the chosen target, and its thermolesional coverage. In this report, we concentrate on targeting accuracy and side-effects.
Methods
We report on 180 consecutive treatments for chronic therapy-resistant idiopathic Parkinson's disease (PD), essential tremor (ET), neuropathic pain (NP), and cerebellar tremor (CT) in 136 patients. Two of the 180 treatments were aborted. One PD patient with cognitive reductions could not cope emotionally with the treatment procedure, which had to be interrupted before ultrasound application. Only 1 procedure had to be aborted because it was not possible to achieve therapeutic heat application in the target. No patient was excluded from treatment on the basis of preoperative bone density analysis. Thus 178 treatments were completed in 134 patients. Analysis of the skull density ratio (SDR) was not available at the beginning of this series. More recently, we have only measured these values irregularly, in cases where a semi-quantitative analysis of CT Hounsfield units was unfavorable. The patients were seen by neurologists or pain specialists who confirmed the diagnosis and the resistance to drug treatment. They were evaluated by an internist to identify any contraindication to surgery. No patient took anticoagulant or antiplatelet drugs within 10 days before the procedure. Laboratory blood studies were performed preoperatively, and all patients had normal electrolyte and coagulation status.
Monitoring for late side-effects was continued for at least 3 months following the procedure for all patients except 1 ET patient who was lost to follow-up after an uneventful early postoperative course with 90% contralateral tremor relief. In the preoperative assessment, the MiniMental State Examination (MMSE) was replaced after the first 29 cases by the Montreal Cognitive Assessment (MoCA). These cognitive tests were performed before, 1-2 days after, and 1 year after the procedure; postoperative test results were compared to preoperative test results to identify statistically significant differences. All patients signed an informed consent form after having been fully informed about the treatment, its potential results, and its risks.
The focused ultrasound procedure has been already described in previous studies. 28, 32, 33 The different surgical targets used, as identified in the stereotactic atlas of the human thalamus and basal ganglia of Morel, 30, 31 were the pallidothalamic tract (pallidothalamic tractotomy [PTT] , n = 105), the cerebellothalamic tract (cerebellothalamic tractotomy [CTT] , n = 50), the central lateral nucleus (central lateral thalamotomy [CLT] , n = 84), the centrum medianum (centrum medianum thalamotomy [CMT], n = 12), and the globus pallidus (pallidotomy, n = 2). All procedures were performed in a 3-T MRI system (GE Discovery 750, GE Healthcare) using the ExAblate Neuro device (InSightec). The patient's head was immobilized by fixation in a Radionics (Integra Radionics) MR-compatible stereotactic frame. MRI was performed for co-registration preoperatively and at day 2 after surgery 32, 33 for target assessment and reconstruction, respectively. Peroperatively ( Fig. 1) , on T2-weighted midsagittal images, a line passing through the center of the anterior and posterior commissures (AC and PC, respectively) is used to create the axial dorsoventral "zero" plane, represented as the intercommissural line (ICL) on the midsagittal image. On the selected axial image, the positions of the 2 commissures are determined and the anteroposterior and mediolateral coordinates are measured to position the chosen target. Because of significant variations of the width of the third ventricle, the mediolateral "zero" point is set on the thalamoventricular border.
The center of the realized thermolesion was measured on MR images obtained 2 days postoperatively using a 32-channel head coil (GE Signa MR750, General Electric). We used axial and sagittal T2-weighted, fast spin echo (FSE) series (TR 3627 msec, TE 101.44 msec, slice thickness 2 mm, gap 0 mm, field of view 220 × 220 mm, resolution 512 × 512, 27 slices centered on AC-PC line). On those 2 series, the relative coordinate system was first reconstructed, based on 3 anatomical landmarks, the anterior and posterior commissures (AC and PC) and the thalamoventricular border. The mediolateral (ML) and anteroposterior (AP) axes were determined on the axial series and the dorsoventral (DV) and AP axes on the sagittal series. The geometrical center of the visible lesion was reconstructed and placed on this coordinate system. ML as well as AP positions were measured on the axial series, and then DV was measured and AP verified on the sagittal series. Those measurements with an estimated 0.5-mm target reconstruction error were then compared with the coordinates of the chosen atlas target to obtain an accuracy determination. Figure 1 illustrates the main steps of our accuracy test procedure. The complete method has already been described elsewhere. 32, 33 Our procedural error assessment was as follows: 1) our mean test/retest and inter-examiner variability (D.M., D.J., and M.N.G.) was 0.2 mm, 2) the determination of the center of the anterior and posterior commissures was also 0.2 mm, and 3) the determination of the center of the thermolesion was 0.4 mm. All measurements were performed by transfer by hand from atlas coordinates onto postoperative MR images, similar to the intraoperative procedure. There is in this context no additional error due to co-registration merging. The choice of 2 mm is based on an optimized visualization of the relevant structures; its placement error is the one under point 2 (i.e., the error of the determination of the center of the 2 commissures to place the intercommissural 2-mm-thick slice). All measurements were performed by one author (D.M.) and checked by another (D.J.). 
Results
Characteristics of the treatments are described in Table  1 . Of a total of 180 treatments in 136 patients, 2 treatments (in 2 patients) were aborted, as described in Methods. Thus 178 treatments were performed in 134 patients.
Cognitive Status
The mean preoperative scores (calculated per treatment) on the MMSE and MoCA were 29.0 ± 1.2 (n = 29) and 27.1 ± 2.7 (n = 149), respectively. The mean postoperative (1 to 2 days after the procedure) MMSE score was 29.5 ± 0.8 (n = 29) (p = 0.06, vs preoperative score), and the mean postoperative MoCA score was 28.1 ± 2.1 (n = 147) (p = 0.002). At 1-year follow-up, the mean MMSE score was 29.4 ± 1.3 (n = 25) (p = 0.2) and the mean MoCA score was 28.0 ± 2.8 (n = 82) (p = 0.02). In 23 cases, the MoCA score improved by 3 points or more from the preoperative assessment to the assessment 2 days after the procedure, and in 14 of these cases, the patients reached a postoperative MoCA score in the normal range (26-30/30) . Seven patients suffered a drop of 3 points or more at 2 days. For 2 of these patients, this meant a final MoCA score below 26 points.
Targeting Accuracy
Of a total of 253 thermal lesions, 234 could be reconstructed postoperatively. The other 19 lesions could not be reconstructed because of insufficient imaging quality (due to patient movements) or insufficiently sharp delineation of the lesion. Figure 3 shows the measured accuracy for each direction (ML, AP, and DV) as well as the mean and standard deviation. We obtained a mean accuracy of 0.32 ± 0.29 mm, 0.29 ± 0.28 mm, and 0.44 ± 0.39 mm for ML, AP, and DV dimensions, respectively. The mean 3D accuracy (Euclidian vector) was 0.73 ± 0.39 mm. Figure 4 shows that the centers of the 234 reconstructed lesions (depicted in black) are all located inside the ellipsoid (red) of 4 mm diameter and 6 mm height representing the average volume of our targets as determined from the stereotactic atlas of Morel. 30, 32 Nine measurements in ML (3.8%), 5 in AP (2.1%), and 19 in DV (7.9%) were 1 mm or greater, and 12 3D measurements were 1.5 mm or greater.
Hospital Stay
From April 2011 to June 2013 (n = 48), patient stay was planned first for 3 and later for 2 days. Since July 2013 (n = 132), patient stay was organized in an ambulatory setting with an overnight stay as the rule, except in 8 cases (6%), in which the patients stayed between 2 and 4 nights. In all these cases, the reason for the delayed discharge was the preoperative general condition of these PD patients. In 2 cases (1.1%) the patients were not discharged home but transferred to the local hospital. At first follow-up, both of these patients were independent at home again. One patient was hospitalized in his local hospital 1 week after discharge due to combined drug abuse and was later discharged to a rehabilitation center. Three months postoperatively he was living independently at home.
Head Pain During Sonications
After each application of sonic energy (sonication), patients were specifically asked to rate their pain (range 0-4) during that sonication. Only the strongest pain rating for each patient is reported here (no mean values). Little or no pain (0-1) was reported by 48.3% of patients, 14% experienced moderate pain (2), and 37.6% experienced brief (less than 10 seconds) but strong pain (3-4), localized mostly frontally. No procedure had to be stopped because of sonication-related head pain. In all but one of the cases, the patients' head pain subsided, with the paracetamol treatment, 1 to 2 hours after the end of the treatment. In the remaining case, the patient's pain lasted 2 days. 
Side-Effects
We defined and differentiated side-effects as follows: 1) general, nonneurological; 2) procedure-related, due to the application of any technique during the intervention (i.e., frame fixation, MRI, and FUS techniques); and 3) due to brain tissue damage, comprising 3a) thermal and edemarelated effects on neighboring structures and 3b) diseaserelated effects (i.e., due to pre-existing neurological/cognitive deficits; see Discussion). There was no bleeding or infection. We report 19 side-effects that occurred during the first 3 months following the procedure.
General
There were 5 general, nonneurological side-effects, including 1 lung embolism 10 days after the procedure, 1 cardiac decompensation (4 days after the treatment) in a patient with known heart disease, 1 bladder infection in a patient with a urinary catheter, and 1 mild case of hiccups, which lasted 1 day (the first day after the treatment). One patient had a fall at home 1 week after the procedure and broke her elbow.
Procedure-Related
Four side-effects were classified as procedure-related. There were 2 cases of benign subcutaneous swelling of the face that resolved within a week. One patient reported short episodes of right-sided frontal headache on day 1, which resolved spontaneously on day 2 after the procedure. Another patient experienced temporary unilateral blindness during frame fixation after induction of supraorbital local anesthesia. On 3D reconstruction of the bony orbita on the planning CT scan, an aberrant extension of the lateral orbital fissure was retrospectively identified. The temporary blindness was explained by bupivacaine passive inflow into the orbita through this anatomical variation. There was some small petechial bleeding on the retina, treated later by laser surgery, and the patient recovered his eyesight completely.
Effect on Neighboring Structures
Three side-effects were classified as effects on neighboring structures. In 1 case, an extension of the thermal lesion beyond the target (centrum medianum) caused slight hypesthesia on the lower lip and slight reduction of gustation, which were absent at the 3-month follow-up evaluation. In a second case, paresthesias around the mouth on the left and on the left hand (without somatosensory deficits) appeared on day 2 after a centrum medianum thalamotomy and lasted a few weeks before fully resolving. These events were most probably due to pressure on the ventroposterior thalamic nucleus due to lesional and/or perilesional edema, as seen in the MRI from postoperative day 2. A postoperative decompensation of mnestic functions was seen in one parkinsonian patient. His MoCA score was 24/30 preoperatively and 22/30 on postoperative day 2. Intraoperative thermal maps and postoperative MR images indicate, among other factors, possible partial thermal effect and/or an edema-related compression on the mammillothalamic tract.
Disease-Related
There were 7 disease-related side-effects. One PD patient suffering from Gaucher disease and with a significantly strained emotional and social history as well as significant preoperative cognitive deficits (MoCA 22/30) made a suicide attempt 2 months after an uneventful one-sided PTT while he was hospitalized in a psychiatric environment. During the following 18 months he did not show any signs of suicidality. Cognitive difficulties were seen over the course of a few weeks in 1 patient with advanced PD, who also showed preoperative cognitive deficits. At 1 year's follow-up, he had nearly completely recovered to his preoperative baseline (MoCA 21/30 at 1 year after PTT vs 23/30 before PTT). Another PD patient had severe fatigue and apathy after PTT and was therefore hospitalized in a rehabilitation center for a few weeks. At 3 months' follow-up, he was living independently in his own house again. Two patients who had hypophonia prior to treatment showed a significant postoperative symptom increase without dysarthria. Two patients suffering from severe forms of ET with preoperative cerebellar deficits had mildly slurred speech (1/4) 2 days after the procedure. In the first, slurring was barely detectable at 3 months, and in the second, slurring was only detectable 2 days after the procedure by the family of the patient in his mother language but not in English.
Discussion

Accuracy and Effects on Neighboring Structures
Our targeting accuracy stands between 0.29 and 0.44 mm in the 3 dimensions of space. As discussed by Moser et al., 32, 33 such low values, particularly in the DV dimension, cannot be obtained with any technique involving brain penetration. 5 Over the 234 accuracy measurements performed, no single thermal lesion was placed outside the target. Only 9 measurements in ML (3.8%), 5 in AP (2.1%), and 19 in DV (7.9%) were 1 mm or greater, and only 12 3D measurements were 1.5 mm or greater. As shown in Fig. 4 , thermolesions were always placed on target, with a more or less complete degree of target coverage, thus reducing the risk of significant (or even complete) damage to a neighboring structure. Risk of significant damage to a neighboring structure can be attributed to the following:
• MR thermal spots can be shifted or misshapen due to thermal image artifacts, causing the application by the neurosurgeon of an inadequate focal point correction.
• A misshapen ultrasound thermal lesion can occur due to uneven thermal conduction in the target tissue (e.g., because of local vascular anomalies) or suboptimal focalization of yet unrecognized technical origin. Such a case is exemplified (see Results, Effect on Neighboring Structures) in the patient who experienced a postoperative temporary slight trigeminal deficit due to the extension of her thermal lesion into the ventroposterior thalamic nucleus. In the patient with postoperative decompensation of mnestic functions, there is the possibility of a partial thermal effect on the mammillothalamic tract, but an edema-related compression must also be considered, and this in the context of significant preoperative cognitive deficit (see below). The second patient with somatosensory neighboring effect experienced transient paresthesias without somatosensory deficits 2 days after the intervention, clearly suggesting an edema-related effect, especially as the patient did not have a misshapen thermal lesion.
Procedure-Related Side-Effects
We report no bleeding over 253 targets in this series.
The single published instance of bleeding in the literature on MR-guided focused ultrasound (MRgFUS) in functional neurosurgery was reported by Jeanmonod et al. in 2012. 19 Since the proposed recommendation of a limitation of final temperatures at 60° and the installation of a cavitation detector, no bleeding has been reported (worldwide). As expected from an incisionless technique, there were no infections.
Strong skull absorption can represent a limit to optimal thermal lesioning. In 1 case in the present series, temperatures above 50°C could not be reached at all. When high ultrasound energies were required, sonications at final temperatures were painful for 37.6% of patients. No treatment had to be aborted due to pain. A power or energy threshold for pain production could not be determined, probably because of interindividual variability: acute intraoperative stress management and thus pain experience in awake patients can indeed vary significantly, as shown by pain response, from absent to very strong, during local anesthesia. In 2 cases in which the patients received high amounts of energy, a local subcutaneous, mainly frontal swelling appeared, reached its maximum size 2 days after treatment, and resolved within a week.
Disease-Related Side-Effects, Thalamocortical Reserves, and Restabilization
Concerning the 5 PD patients described in Results under Disease-Related Side-Effects, and the last (PD) patient mentioned under Effect on Neighboring Structures, we propose that preoperative significant atrophy of thalamic and cortical structures, demonstrated by pre-existing hypophonia or lower MoCA scores, played a primary role in the appearance of these side-effects. This represents a causality that is unrelated to the target itself, to the applied technology, or to the accuracy of thermal lesion placement. We test preoperatively, clinically and anatomically, the state of the thalamocortical network, which is the main output system of the basal ganglia, using the MoCA and an MRI examination. The thalamocortical system, just like any complex system, enjoys a large amount of organizational redundancy, which can provide the necessary adaptability, or plasticity, when a functional change is imposed by the surgical act. Significant atrophies inside this system can reduce its reserves at disposition to integrate this change. Preoperative deficits are the markers of a reduction of these reserves, a warning of the possibility of postoperative difficulties.
As described by Aufenberg and collaborators, 1 the post-PTT course over the months after treatment is characterized by symptom reduction along a progressive and fluctuating curve, with an average of 3 months for tremor control. Manifestations of increased sleepiness can be seen during the first days, indicating a restabilization of the thalamocortical network after liberation from pallidal overinhibition. This phenomenon can become stronger in the case of thalamocortical reserve reduction, which was most probably the case of the patient presenting purely transient fatigue and apathy. Concerning the 5 other patients, deficits in motor (voice) and cognitive functions were evident preoperatively. In all other PD patients in this series (n = 53), who had sufficient reserves, all motor and cognitive functions remained stable or were even improved, thanks to the surgical sparing of the thalamocortical network (see below).
Two patients presented a postoperative slurred speech of slight intensity and regressive over time after CTT. This relates to the fact that they both had severe essential tremor forms with preoperative cerebellar deficits, providing again evidence for the relevance of reduced preoperative reserves, this time at the cerebellar and/or thalamocortical level. This side-effect did not correlate with bilaterality of CTT, as one patient underwent unilateral CTT and the other underwent bilateral CTT. In essential tremor patients with normal cerebellar functions, a slight short-lasting and fully reversible gait imbalance in the sense of a motor neglect can be seen, 14 which we interpret as a readjustment of the thalamocortical system after the abrupt surgical liberation from the pre-existing increased cerebellothalamic input.
Thalamic Sparing
In the context of sufficient thalamocortical reserves, 73 patients could be treated bilaterally without appearance of the dreaded neurological (mainly dysarthria) and cognitive side-effects associated with bilateral thalamotomies. 6, 10, 15, 18, 21, 23, 29, 38, 42 MoCA performed 1 or 2 days after the treatment in fact showed slight improvement as compared with the patients' preoperative values. So early after the intervention, this result is of high relevance and demonstrates the sparing capacity of our targets on thalamocortical functions. As the preoperative testing was performed from months to days before the treatment, a certain learning effect cannot be ruled out in some patients, but it would be unlikely to result in more than the mentioned slight postoperative improvement. Interestingly, the follow-up MoCA results showed no decline over time. The MoCA score does not allow a complete and in-depth neuropsychological assessment, but it covers the main cognitive fields relevant to the question of postoperative deficits and their effects on everyday life and quality of life.
These results question the well-established caveat issued from past experience that thermolesions cannot be performed bilaterally due to unacceptable neurological and cognitive deficits. This was indeed the prime motivation for the development of DBS for the treatment of PD and ET. Two risk factors existed then which can be set aside now. First, there was the possibility of placing a thermolesion in the internal capsule due to brain shift during electrode penetration and thus causing corticospinal and cognitive deficits, or in the subthalamic nucleus, which could result in ballism. Such a lesion misplacement is no longer a concern with MRgFUS thanks to the absence of electrode penetration and associated mechanical brain shift, and the MRgFUS accuracy within half a millimeter supports this claim. Secondly, lesioning of the specific (motor or premotor) thalamic nuclei surely weakens the related thalamocortical network dynamics, which is at the source of all input, output, and internal cognitive functions. 25 The PTT, placed below the thalamus and thus sparing it, allows bilateral treatments: it in fact liberates the thalamocortical dynamics from pallidal overinhibition. 27 Interestingly, a review of the "Golden Age" earliest literature of our field reveals that authors having obtained good results with bilateral "thalamotomies" were probably also performing, with unclear frequency, PTTs accompanied by only a minimal ventral thalamic lesion. 7, 10, 23, 34 
Conclusions
The large series presented here, with an absence of infection and bleeding and a very low amount of untoward effects on neighboring structures (3 in 180 treatments), provides clear evidence that the incisionless transcranial high-intensity MR-guided focused ultrasound technology is accurate and safe. The technology-specific skull absorption-related difficulties will surely somewhat limit the applicability of the technique, but no technique is entirely free of limitations. The 2 subcutaneous swellings in our case series were fully benign and transient and were due to the application of particularly high ultrasound energy. The peroperative head pain, although sometimes strong, was short-lasting as a rule and never caused interruption of the treatment. The remaining 7 side-effects were due to disease-related factors causing reduced thalamocortical reserves and had nothing to do with the technology per se.
The final efficiency and safety of any technique is determined not only by the technological qualities of the given system but also by the experience of the hands and brains using it. Every procedure in this series was conducted by the same dedicated team, working regularly with the system. The targeting and monitoring during sonications were always performed in the presence of a senior neurosurgeon (D.J.) providing the team with his 30 years of uninterrupted experience in the field of lesional functional neurosurgical work. Although the primary handling of the focused ultrasound system is fairly simple, optimal targeting and optimization of target coverage require a long learning curve and long-term experience in lesional functional neurosurgery. During the last 2 decades, DBS dominance has led to a lack of training in the neurosurgical community for placing safe lesions inside the human brain; this will have to be reinstated in training programs. The art of lesional functional neurosurgery resides in proper pathophysiological basis leading to adequate (i.e., efficient and sparing) targets, applying therapeutic lesions with optimal target coverage. The chosen technique should then provide increased safety and accuracy to achieve the best clinical results. The incisionless transcranial MRg-FUS technology demonstrates indeed a higher targeting accuracy and a lower side-effect profile than techniques involving cerebral penetration. In the absence of penetration brain shift, this technique avoids the placement of a thermolesion away from the chosen target, thus eliminating the need for reversible therapeutic energy application. Together with the use of proper physiopathology-based targets, definitive therapeutic effects can be coupled with sparing of thalamocortical, sensory, motor, and paralimbic/multimodal functions. Clinical efficacy, not analyzed in this investigation, will ultimately rest in proper target selection, optimized target identification/localization, and optimized thermolesional target coverage.
